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A b s t r a c t
The main objective of  this work  is  to  study  the  effect  of  rotating magnetic field  (RMF) on 
the hydrodynamic conditions in the mixed liquid. The dimensional analysis of Navier-Stokes 
equations  including  the  Lorenz  force  allows  describing  the  analyzed  process  by  using  the 
relationships  basing  on  the  dimensionless  numbers.  The  comparison  between  the  obtained 
results  and  the  experimental  investigations  is  carried  out.  It was  found  a  strong  correlation 
between the velocity field and the magnetic induction or electrical conductivity of fluid.
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S t r e s z c z e n i e
Głównym  celem  pracy  było  zbadanie wpływu wirującego  pola magnetycznego    na warun-
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1. Introduction
The  design,  scale-up  and  optimization  of  industrial  processes  conducted  in  agitated 
systems  require,  among  other,  precise  knowledge  of  the  hydrodynamics,  mass  and 
heat  transfer  parameters  and  reaction  kinetics.  One  of  the  key  aspects  in  the  dynamic 
behavior  of  the  mass-transfer  and  heat-transfer  processes  is  the  role  of  hydrodynamics. 
On  a  macroscopic  scale,  the  improvement  of  hydrodynamic  conditions  can  be  achieved 
by  using  various  techniques  of  mixing,  vibration,  rotation,  pulsation  and  oscillation 
in addition to other techniques like the use of fluidization, turbulence promotes or magnetic 
and electric fields etc.
One  of  the  parameters  characterizing  the  mixing  process  is  the  mixing  efficiency. 
This  parameter  determines  the  amount  of  energy  which  is  needed  to  achieve  intended 
technological  objective.  The  rotating  magnetic  field  (RMF)  is  a  versatile  option  for 
enhancing several physical and chemical processes. Studies over  the  recent decades were 
focused on  application of magnetic field  (MF)  in different  areas of  chemical  engineering 
and  biotechnology  [1].  Static,  rotating  or  alternating MFs might  be  used  to  augment  the 
process  intensity  instead  of  mechanically  mixing.  The  practical  applications  of MFs  are 
presented in the relevant literature [2‒7].
Recently, TRMF are widely used to control different processes in the various engineering 
operations  [8‒12].  This  kind  of magnetic  field  induces  a  time-averaged  azimuthal  force, 
which  drives  the  flow  of  the  electrical  conducting  fluid  in  circumferential  direction. 
According to available in technical literature, the mass-transfer during the solid dissolution 
to the surrounding liquid under the action of TRMF has been deliberated [13, 14].












The  interaction  of  the  applied  magnetic  field  with  the  liquid  may  be  described  by 
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In  the  equation  (5)  replacing  the  characteristic  velocity  of  the  fluid  by  the maximum 
peripheral  velocity  ( ([ ] ) ),maxw wp0
2 2º j   and  expressing  the  velocity  of  the  fluid  by 
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to  the  computer.  The measurements  points were  located  in  a  container,  along  the  height 






of measurement points enabled  to  read  the values of  the magnetic  induction  in  the whole 
volume of the mixed liquid. The measurements carried out for the frequency of the generator 
in the range 1‒50 Hz.







4. Results and discussion 
Based on the results of the measurements of magnetic induction in the RMF generator 
with  number  of  pair  poles  per  phase  winding,  p,  equal  to  2,  the  two-dimensional  maps 
of  magnetic  induction  were  plotted.  The  typical  examples  of  the  magnetic  induction 
patterns are shown in Figure 3.
Based  on  the  results  of  the  measurements  it  was  found  that  magnetic  induction  at 
the  top  and  bottom  part  of  the  windings  was  characterized  by  much  lower  values  than 
in the central part of the windings, which is called an active part. This is due to dissipation 
and  suppression  of  the  rotating  magnetic  field.  Additionally  two-dimensional  axial 
Fig.  2.  Distribution  measurement  points  of  magnetic  induction  located  on  a  plane  that 
coincides with the axial section of the stator
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symmetry  of  the  distribution magnetic  induction was  observed,  and  it  allows  to  simplify 
the analytical description.
It should be noticed that the obtained form of the equation (7) can be used to determine 
the  analytical  description  of  the  liquid  velocity  fields  under  the  action  of  the  RMF. 
The magnetic induction is dependent on the operating conditions [15]:
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In  the  above  relationship  (9)  the  parameter  {[ ] ( )}maxB fP
∗   is  the measured maximal 
value of the magnetic induction. These values were reported at the point (R* = 1; H* = 0.5) 
inside the RMF generator.
Figure  4  shows  the  two-dimensional  velocity  field  patterns.  It  was  observed  that 




In Figures 5 and 6  the profiles of fluid velocity along  the non-dimensional  radius and 
along  the dimensionless height of  the system are presented. As  follows  from  the analysis 
of  the  obtained  data,  the  values  of  liquid  velocity  increase  with  increasing  electrical 
conductivity of the fluid. Based on the Figure 5 it was found that the velocity decreases with 
Fig.  4.  Two-dimensional velocity field for: a) tap water, b) 1 wt% NaCl, c) 26 wt%NaCl




of  the beaker  (see Fig. 6) velocity of  the  liquid  reached  the maximum values at  the mid- 
-height of the container. Moreover, these values increase with the increasing distance from 
the axis of the beaker.
When  analyzing  the  liquid  velocity  under  the  action  of  RMF  in  the  non-uniform 
magnetic field  it  is  important  to determine  the representative value of  this  type of a field. 











= = ∗ ∗
∗ ∗ ∗= ∫∫const const
= const
, { ( , , , , )}
1 R dH∗ ∗ ⋅[ ]m s-1   (11)
The  calculated  values  of  the  averaged  liquid  velocity  under  the  action  of  the  RMF 
are graphically presented in Fig. 7.




The  effect  of  the  RMF  on  the  averaged  liquid  velocity  may  be  described  by  means 
of the following relationship:
 w f fe e eϕ σ σ σ( , ) ( . ) ( ) [m s ]
. .∗ ∗ − −= + ⋅ ⋅0 00035 2 100 49 5 0 58 1   (12)
The graph clearly shows that this velocity is not constant for the normalized frequency 
of  the  RMF.  Fig.  7  demonstrates  that,  within  the  scatter  limits  among  the  plotted  data 
represented  by  the  points,  the  averaged  liquid  velocity  increases with  increasing  the MF 
intensity.
5. Conclusions
Experimental  research  and  theoretical  analysis  of  the mixing  process  induced  by  the 
rotating magnetic field were performed. An equation  to determine  the peripheral velocity 
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